Our File No. 9281/3900 
Client Reference No. N US00052 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
APPLICATION FOR UNITED STATES LETTERS PATENT 



INVENTORS: KIYOSHI SATO 

TOSHINORI WATANABE 
HIDEKI GOCHOU 
KIYOSHI KOBAYASHI 
TORU TAKAHASHI 
HISAYUKI YAZAWA 
MASAKI IKEGAMI 



TITLE: THIN-FILM MAGNETIC HEAD 

APPROPRIATELY SUPPRESSING 
SIDE FRINGING AND METHOD 
FOR FABRICATING THE SAME 



ATTORNEY: JASPER W. DOCKREY 

Reg. No. 33,868 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, ILLINOIS 60610 
(312) 321-4200 



EXPRESS MAIL NO. EL 746 759 074 US 
DATE OF MAILING / %to\ 



THIN-FILM MAGNETIC HEAD APPROPRIATELY SUPPRESSING SIDE 
FRINGING AND METHOD FOR FABRICATING THE SAME 



BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates, generally, to a thin-film magnetic write head 
such as a floating type magnetic head and more particularly, the invention relates to a 
thin-film magnetic head in which side fringing can be appropriately suppressed and 
that can be fabricated with a high degree of consistency and to a method for 

1 0 fabricating the same. 

2. Description of the Related Art 

FIG. 24 is a partial front view showing the structure of a conventional thin-film 
magnetic head (inductive head), and FIG. 25 is a partial sectional view of the thin- 
film magnetic head shown in FIG. 24. As shown in FIG. 24, insulating layers 3 are 

15 formed on both sides of a lower core layer 1 composed of a magnetic material, such 
as Permalloy. A gap layer 4 and an upper pole layer 5 are formed with a track width 
Tw on the lower core layer 1, and also are formed so as to be exposed at a surface 
facing a recording medium. As shown in FIG. 25, the gap layer 4 extends on the 
lo wer core layer 1 to a position at which a base 10b of an upper core layer 10, which 

2 0 will be described below, and the lower core layer 1 come into contact with each other, 
and the upper pole layer 5 extends onto a Gd-setting insulating layer 6 formed on the 
gap layer 4. Additionally, the gap layer 4 is composed of a nonmetallic insulating 
material, such as Si02- 

As shown in FIGs. 24 and 25, an insulating layer 7 is formed so as to be 

2 5 disposed on both sides of the upper pole layer 5 in the track width direction (in the X 
direction in the drawing) and to extend in the height direction (in the Y direction in 
the drawing). On the insulating layer 7, a coil layer 13 is spirally patterned, and the 
coil layer 13 is embedded in an insulating layer 9 composed of an organic insulating 
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material 

The upper core layer 10 is formed, for example, by frame plating, on the 
insulating layer 9, and a tip 10a of the upper core layer 10 is magnetically coupled to 
the upper pole layer 5 and also is formed so as to be exposed at the surface facing the 
5 recording medium. The base 1 Ob of the upper core layer 1 0 is magnetically coupled 
to the lower core layer 1. As shown in FIG. 24, the entirety of a tip surface 10c of the 
upper core layer 1 0 is formed so as to be exposed at the surface facing the recording 
medium. 

A method for fabricating the thin-film magnetic head shown in FIGs. 24 and 
1 0 25 will be described with reference to FIGs. 26 to 32. As shown in FIG. 26, the gap 
layer 4 composed of an insulating material, such as SiC>2 3 is formed over the entire 
surface of the lower core layer 1, and a resist layer 1 1 having a groove 11a that is 
equal to the track width Tw is formed on the gap layer 4. The groove 11a is formed 
with a predetermined length from the surface facing the recording medium in the 
15 height direction (in the Y direction in the drawing). The upper pole layer 5 composed 
of, for example, an NiFe alloy, is plated in the groove 11a, and the resist layer 1 1 is 
removed. 

As shown in FIG. 27, the width of the upper pole layer 5, i.e., the track width 
Tw, is set, for example, at 0.45 //m, and a height hi is set at approximately 3.5 to 3.8 
2 0 jam. Both sides of the upper pole layer 5 in the track width direction (in the X 

direction in the drawing) are etched by ion milling (trimming step). During the ion 
milling process, as shown in FIG. 28, portions of the gap layer 4 exceeding the width 
of the upper pole layer 5 are trimmed away and also the upper surface of the lower 
core layer 1 on both sides are trimmed, and thus a protrusion lb and inclined planes 
2 5 1 a are formed on the lower core layer 1 . 

In the step shown in FIG. 29, the insulating layer 7, composed of AI2O3 or the 

like, is formed on the lower core layer 1 on both sides of the upper pole layer 5 so as 
to embed the upper pole layer 5 in the insulating layer 7. Then, , as shown in FIG. 30, 
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the insulating layer 7 is polished at the line A-A using a CMP technique. 

Next, the coil layer 13 and the insulating layer 9 shown in FIG. 25 are formed. 
Then, as shown in partial plan view in FIG. 31, a resist layer 12 is formed over the 
insulating layers 7 and 9 and the upper pole layer 5. A portion corresponding to a 
5 pattern 12a of the resist layer 12 is exposed and developed, and the portion 
corresponding to the pattern 12a is removed. 

A magnetic material is plated in the pattern 12a, and the resist layer 12 is 
removed, and thus the upper core layer 10 is formed. FIG. 32 shows the structure in 
the vicinity of the tip of the thin-film magnetic head. 
1 0 The trimming step described above and shown in FIG. 27 is usually carried out 

twice. In the first trimming step, ion irradiation is performed substantially 
perpendicular to the plane direction of the lower core layer 1. In this step, the gap 
layer 4 extending on both sides of the lower surface of the upper pole layer 5 is 
trimmed, and portions of the lower core layer 1 under the gap layer 4 are also trimmed, 
15 and thus the protrusion lb of the lower core layer 1 is formed. Since magnetic dust 
generated by trimming of the gap layer 4 and the lower core layer 1 adheres to the 
sides of the upper pole layer 5, in the second trimming step, ion irradiation is 
performed in more inclined directions in comparison with the first trimming step so 
that the magnetic dust is removed and the inclined planes la are formed on the lower 
2 0 core layer 1 on both sides of the protrusion lb. 

However, in the thin-film magnetic head shown in FIGs. 24 and 25, since the 
tip surface 10c of the upper core layer 10 having a width larger than the track width 
Tw is formed so as to be exposed at the surface facing the magnetic medium, side 
fringing occurs between the upper core layer 10 and the upper pole layer 5 due to 
2 5 magnetic leakage, resulting in a decrease in a real density. 

Consequently, in order to fabricate a thin-film magnetic head which is suitable 
for an increased recording density, in addition to a decrease in the track width Tw, side 
fringing must be reduced. 
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In the method for fabricating the thin-film magnetic head shown in FIGs. 24 
and 25, the trimming step is carried out, and in the trimming step, variations in the 
track width Tw and in the shape occur, and also the height of the upper pole layer 5 is 
significantly decreased. 
5 The reason for carrying out the trimming step is that in the state shown in FIG. 

27, since the gap layer 4 and the lower core layer 1 extend on both sides of the lower 
surface of the upper pole layer 5, side fringing easily occurs between the upper pole 
layer 5 and the lower core layer 1 . As shown in FIG. 28, by trimming the gap layer 4 
extending on both sides of the lower surface of the upper pole layer 5 and by further 

1 0 forming the protrusion lb and the inclined planes la, the distance between the upper 
pole layer 5 and the lower core layer 1 can be increased, and thus the side fringing is 
believed to be appropriately suppressed. 

However, when the trimming step is carried out, variations in the amount of 
magnetic dust adhering to both sides of the upper pole layer 5 and variations during 

15 the removal of the magnetic dust occur. Also, as described above, in the first 

trimming step, since the ion irradiation is performed substantially perpendicular to the 
plane direction of the lower core layer 1, the height of the upper pole layer 5 is 
s ignificantly decreased. As a result, variations easily occur in the track width Tw and 
the shape of the upper pole layer 5, and a significant decrease in the height of the 

2 0 upper pole layer 5 and variations in the height may also occur. 

Consequently, if the trimming step is carried out, the uniformity during the 
fabrication of thin-film magnetic heads is reduced, and due to the decrease in the 
height of the upper pole layer 5, the volume of the upper pole layer 5 is decreased. 
Thus, the upper pole layer 5 is easily magnetically saturated, resulting in degradation 

2 5 in recording characteristics. 

SUMMARY OF THE INVENTION 

Accordingly, objects of the present invention are to provide a thin-film 



- 4 - 



magnetic head in which side flinging can be appropriately suppressed and which can 
be fabricated with a high degree of consistency, and to provide a method for 
fabricating the same. 

In one aspect of the present invention, a thin- film magnetic head includes a 
5 lower core layer; a recording core formed on the lower core layer and exposed at a 
face surface facing a recording medium, in which a lower pole layer, a gap layer, and 
an upper pole layer are deposited in that order, or in which a gap layer and an upper 
pole layer are sequentially deposited in that order; an upper core layer magnetically 
coupled to the upper pole layer; and a coil for inducing a recording magnetic field to 
s ; 10 the lower core layer, the recording core, and the upper core layer. A tip surface of the 

W upper core layer at the face surface is set back from the face surface in a direction 

mJ generally perpendicular to the face surface, which is referred to hereinafter as the 

H height direction. The tip surface is an inclined surface or a curved surface in which 

e. the depth gradually increases in a direction generally parallel to the face surface, 

|y is which hereinafter is referred to as the track width direction. 

1 1 In the present invention, since the tip surface of the upper core layer is set back 

J l from the face surface in the height direction, and also the tip surface is an inclined 

surface or a curved surface in which the depth gradually increases in the track width 
direction, the tip surface of the upper core layer is not exposed, in contrast to the 
2 0 conventional case. Consequently, in the present invention, it is possible to 

appropriately suppress side fringing, and simultaneously, the flux from the upper core 
layer can be efficiently applied to the upper pole layer, and thus it is possible to 
fabricate a thin-film magnetic head which is suitable for an increased recording 
density. 

2 5 In the present invention, preferably, the shortest setback distance L3 from the 

face surface to the tip surface of the upper core layer is equal to or less than the largest 
length of the recording core from the face surface in the height direction. 
Furthermore, the setback distance L3 preferably satisfies the relationship about 0 jjm 
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<L3 < about 0.8 //m. 

In the present invention, preferably, the upper core layer is provided with a 
back surface which is set back from the tip surface in the height direction, the back 
surface is a curved surface or an inclined surface in which the depth gradually 
5 increases in the track width direction, and an inclination angle 92 is greater than an 
inclination angle 91, where angle 91 is one of the inclination angles of the inclined 
surface relative to the height direction, or the inclination angle of a tangent at a 
midpoint between an end of the curved surface near the recording core and an end of 
the curved surface at an upper surface of the upper core layer, and inclination angle 92 
10 is the inclination angle of the tip surface of the upper core layer relative to the height 
f% direction, or the inclination angle of a tangent line at the midpoint between an end of 

Jfi the curved surface near the recording core and an end of the curved surface on an 

Tl upper core layer. In a preferred embodiment, the inclination angle 92 satisfies the 

7 relationship about 60° < 92 < about 90°. 

H 15 In such a structure, the flux from the upper core layer can be efficiently applied 

S : ; 

O to the upper pole layer, and thus recording characteristics can be improved. 

f n 

O In the present invention, preferably, the tip surface of the upper core layer at 

the face surface has a curvature which gradually recedes in the height direction 
toward both sides in the track width direction. In such a structure, it is possible to 
2 0 suppress side fringing. 

Since the tip surface of the upper core layer has a curvature, when the upper 
core layer is patterned on the upper pole layer, even if the upper core layer is slightly 
deviated from the predetermined position relative to the upper pole layer, it is possible 
to reduce the side fringing in comparison with the conventional thin-film magnetic 
2 5 head- 
In such a structure, with a tangent line touching each end of the curvature in 
the track width, preferably, the inclination of the tangent line relative to the track 
width direction is about 30° to about 60°. 



- 6 - 



ni 



In the present invention, preferably, the upper core layer includes a front region 
which extends from the tip surface in the height direction and has a uniform width in 
the track width direction; and a back region which extends from a side opposite the 
front region in the height direction and in which the width in the track width direction 
5 gradually increases in the height direction. 

In the present invention, preferably, the upper core layer includes a front region 
which extends from the curved end at the tip surface in the height direction and has a 
uniform width in the track width direction; and a back region which extends from a 
side opposite the front region in the height direction and in which the width in the 
1 ; 10 track width direction gradually increases in the height direction. 

?? Preferably at the edge in which the upper core layer is connected to the upper 

C3 

f ll pole layer, the width of the upper core layer in the track width direction is greater than 

H the width of the upper pole layer in the track width direction. In such a structure, the 

a flux from the upper core layer can be efficiently applied to the upper pole layer, and 

|d 15 thus recording characteristics can be improved. 

m In the present invention, preferably the recording core includes a front region 

U which extends from the face surface in the height direction and has a uniform width in 

the track width direction; and a back region which extends from the front region in the 
height direction and in which the width in the track width direction gradually 
2 0 increases in the height direction. If the recording core is provided with such a back 
region having a large track width Tw, it is possible to increase the contact area 
between the recording core and the upper core layer. 

In the structure described above, preferably, the upper core layer overlaps at 
least the back region of the recording core. 
25 In the present invention, the gap layer is preferably composed of a 

nonmagnetic metallic material, and the nonmagnetic metallic material is preferably at 
least one material selected from the group consisting of NiP, NiPd, NiW, NiMo, Au, 
Pt, Rh, Pd, Ru, and Cr. 



- 7 - 



In another aspect of the present invention, a method for fabricating a thin-film 
magnetic head includes the step of: 

(a) forming a recording core on a lower core layer, the recording core 
comprising one of (1) a lower pole layer, a gap layer, and an upper pole layer 
5 sequentially deposited in that order on the lower core layer, wherein a width of the 
lower pole layer and the upper pole layer in a track width direction, wherein the track 
width direction is generally parallel to the face surface is determined at the face 
surface or (2) a gap layer and an upper pole layer sequentially deposited in that order 
on the lower core layer, wherein a width of the upper pole layer in the track width 
■ . 10 direction is determined at the face surface; 

W (b) forming an insulating layer at a periphery of the recording core at one of 

Hi before or after step (a), and making an upper surface of the recording core and an 

upper surface substantially level with each other; 
s (c) forming a resist layer over the recording core and the insulating layer; 

Q is (d) forming a core layer pattern in the resist layer by exposing and developing 

ifl a region other than the core layer pattern so that a tip surface of the pattern is one of 

I % an inclined surface or a curved surface which recedes in the height direction as the tip 

surface ascends from the recording core, and the tip surface is set back from the 
surface in the height direction; and 
2 0 (e) forming the upper core layer by plating a magnetic material in the core 

layer pattern so that the tip surface of the upper core layer is set back from the face 
surface in the height direction and the tip surface of the upper core layer is one of an 
inclined surface or a curved surface in which the depth in the height direction 
gr adually increases in a track width direction. 
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In the present invention, preferably, in step (d), the tip surface of the core layer 
pattern at the face surface gradually recedes in the height direction toward each of two 
side surfaces that are spaced apart in the track width direction, and wherein in step (e), 
the upper core layer is formed so that the tip surface has a curvature. 
5 In the present invention, the gap layer is preferably composed of a 

nonmagnetic metallic material for plating, and the nonmagnetic metallic material is 
preferably at least one material selected from the group consisting of NiP, NiPd, NiW, 
NiMo, Au, Pt, Rh, Pd, Ru, and Cr. 

In accordance with the fabrication method in the present invention, it is 
1 0 possible to fabricate thin-film magnetic heads, without variations in the track width 
Tw and the height of recording cores, with a satisfactory degree of consistency, and it 
is also possible to easily fabricate thin-film magnetic heads capable of suppressing 
side fringing. 

When the resist layer for forming the pattern of the upper core layer is exposed 
1 5 and developed, by exposing and developing the region other than the core layer 

pattern, it is possible to form the tip surface of the patterned upper core layer to be an 
inclined surface or a curved surface in which the depth gradually increases in the track 
width direction. 

2 0 B REEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial front view of a thin-film magnetic head in accordance with 
an embodiment of the present invention; 

FIG. 2 is a partial cross-sectional view taken along the line II-II of FIG. 1; 
FIG. 3 is a partial plan view of the thin-film magnetic head shown in FIGs. 1 

25 and 2; 

FIG. 4 is a partial plan view showing another shape of the thin-film magnetic 
head shown in FIGs. 1 and 2; 

FIG. 5 is a partial plan view showing another shape of the thin-film magnetic 
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head shown in FIGs, 1 and 2; 

FIG. 6 is a partial plan view showing another shape of the thin-film magnetic 
head shown in FIGs. 1 and 2; 

FIG. 7 is a partial front view of a thin-film magnetic head in accordance with 
another embodiment of the present invention; 

FIG. 8 is a partial cross-sectional view taken along the line VIII- VIII of FIG. 7; 

FIG. 9 is a partial plan view of the thin-film magnetic head shown in FIGs. 7 

and 8; 

FIG. 10 is a partial plan view showing another shape of the thin-film magnetic 
head shown in FIGs. 7 and 8; 

FIG. 1 1 is a partial front view of a thin-film magnetic head in accordance with 
another embodiment of the present invention; 

FIG. 12 is a partial sectional view taken along the line XII-XII of FIG. 11; 

FIG. 13 is a partial plan view of the thin-film magnetic head shown in FIGs. 1 1 
and 12; 

FIG. 14 is a partial plan view showing another shape of the thin-film magnetic 
head shown in FIGs. 11 and 12; 

FIGs. 15A and 15B are a partial front view and a partial sectional view, 
respectively, showing a step in accordance with a method for fabricating a thin-film 
magnetic head of the present invention; 

FIGs. 16A and 16B are a partial front view and a partial sectional view, 
respectively, showing a step in accordance with the invention carried out subsequent 
to the step shown in FIGs. 15A and 15B; 

FIGs. 17A and 17B are a partial front view and a partial sectional view, 
respectively, showing a step in accordance with the invention carried out subsequent 
to the step shown in FIGs. 16A and 16B; 

FIGs. 18A and 18B are a partial front view and a partial sectional view, 
respectively, showing a step in accordance with the invention carried out subsequent 



- 10 - 



to the step shown in FIGs. 17A and 17B; 

FIG. 19 is a partial plan view showing a step in accordance with the invention 
carried out subsequent to the step shown in FIGs. 1 8A and 1 8B; 

FIG. 20 is a partial sectional view showing a step in accordance with the 
invention carried out subsequent to the step shown in FIG. 19; 

FIG. 21 is a partial sectional view showing a step in accordance with the 
invention carried out subsequent to the step shown in FIG. 20; 

FIG. 22 is a partial sectional view showing another step in accordance with the 
invention carried out subsequent to the step shown in FIG. 19; 

FIG. 23 is a partial sectional view showing a step in accordance with the 
invention carried out subsequent to the step shown in FIG. 22; 

FIG. 24 is a partial front view of a conventional thin-film magnetic head; 

FIG. 25 is a partial sectional view of the thin-film magnetic head shown in FIG. 

24; 

FIG. 26 is a partial front view showing a step in a method for fabricating a 
conventional thin-film magnetic head; 

FIG. 27 is a partial front view showing a step carried out subsequent to the step 
shown in FIG. 26; 

FIG. 28 is a partial front view showing a step carried out subsequent to the step 
shown in FIG. 27; 

FIG. 29 is a partial front view showing a step carried out subsequent to the step 
shown in FIG. 28; 

FIG. 30 is a partial front view showing a step carried out subsequent to the step 
shown in FIG. 29; 

FIG. 31 is a partial plan view showing a step carried out subsequent to the step 
shown in FIG. 30; and 

FIG. 32 is a partial sectional view showing a step carried out subsequent to the 
step shown in FIG. 3 1 . 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 is a partial front view of a thin-film magnetic head in accordance with 
an embodiment of the present invention, FIG. 2 is a partial sectional view taken along 
the line II-II of FIG. 1, and FIGs. 3 and 4 are partial plan views of examples of thin- 
film magnetic heads of the present invention. 

Although a thin- film magnetic head shown in FIG. 1 is an inductive write head, 
a read head using a magnetoresistive effect (MR head) may be deposited on the lower 
surface of the inductive head. A lower core layer 20 shown in FIGs. 1 and 2 is 
composed of a magnetic material, such as Permalloy. Additionally, when a read head 
is deposited on the lower surface of the lower core layer 20, a shielding layer for 
protecting a magnetoresistive element from noise may be provided. Alternatively, 
without providing the shielding layer, the lower core layer 20 may be also used as an 
upper shielding layer of the read head. 

As shown in FIG. 1, insulating layers 23 are formed on both sides of the lower 
core layer 20. An upper surface 20a extending from the base of a lower pole layer 2 1 , 
which will be described below, may be parallel to the track width direction (the X 
direction in the drawing), or inclined planes 20b which incline toward a direction 
opposite to an upper core layer 26 may be formed. By forming the inclined planes 
20b in the upper surface of the lower core layer 20, side fringing can be suppressed 
more appropriately. 

As shown in FIGs. 1 and 2, a recording core 24 is formed on the lower core 
layer 20 so as to be exposed at a surface facing a recording medium. In this 
embodiment, the recording core 24 is formed with a track width Tw, (i.e., the 
recording core 24 is a track- width-defining section). The track width Tw is preferably 
about 0.7 jum or less, and more preferably about 0.5 /im or less. 

In the embodiment shown in FIGs. 1 and 2, the recording core 24 has a layered 
structure including three layers: the lower pole layer 21, a gap layer 22, and an upper 
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pole layer 35. The pole layers 21 and 35 and the gap layer 22 will be described below. 

The lower pole layer 21, which is the lowest layer of the recording core 24, is 
formed by plating on the lower core layer 20. The lower pole layer 21 is magnetically 
coupled to the lower core layer 20, and the material for the lower pole layer 21 may 
be the same as or be different from that for the lower core layer 20. The lower pole 
layer 21 may be composed of either a single-layered film or a multi-layered film. The 
height of the lower pole layer 21 is set, for example, at approximately 0.3 fjm. The 
gap layer 22, which is nonmagnetic, is deposited on the lower pole layer 21 . In the 
present invention, preferably, the gap layer 22 is composed of a nonmagnetic metallic 
material and is formed by plating on the lower pole layer 21 . The nonmagnetic 
metallic material is preferably at least one material selected from the group consisting 
of NiP, NiPd, NiW, NiMo, NiRh, Au, Pt, Rh, Pd, Ru, and Cr, and the gap layer 22 
may be composed of either a single-layered film or a multi-layered film. The height 
of the gap layer 22 is set, for example, at approximately 0.2 //m. 

The upper pole layer 35, which is magnetically coupled to the upper core layer 
26, is formed by plating on the gap layer 22. The material for the upper pole layer 35 
may be the same as or be different from that for the upper core layer 26. The height 
of the upper pole layer 35 is set, for example, at about 2.4 to about 2.7 //m. 

When the gap layer 22 is composed of the nonmagnetic metallic material as 
described above, it is possible to form the lower pole layer 21, the gap layer 22, and 
the upper pole layer 35 continuously by plating. Additionally, in the present invention, 
the recording core 24 is not limited to the layered structure including three layers. 
The recording core 24 may have a layered structure including two layers, the example, 
the gap layer 22 and the upper pole layer 35. 

As described above, the materials for the lower pole layer 21 and the upper 
pole layer 35 constituting the recording core 24 may be the same as or different from 
those for the core layers to which the pole layers are magnetically coupled. In order 
to improve the recording density, the lower pole layer 21 and the upper pole layer 35 



preferably have higher saturation magnetic flux densities than those of the 
corresponding lower and upper core layers to which the pole layers are magnetically 
coupled. If the lower pole layer 21 and the upper pole layer 35 have high saturation 
magnetic flux densities, it is possible to concentrate the recording magnetic field in 
5 the vicinity of the gap, thus improving the recording density. 

As shown in FIG. 2, a plating underlayer 25 is formed between the lower pole 
layer 21 and the lower core layer 20. As shown in FIG. 2, the recording core 24 is 
formed with a length LI from the surface facing the recording medium (ABS) in the 
height direction (in the Y direction in the drawing). 
10 A Gd-setting insulating layer 27 composed of a resist or the like is formed on 

the plating underlayer 25, and the Gd-setting insulating layer 27 has, for example, a 
curved surface. As shown in FIG. 2, the upper pole layer 35 extends over the 
curvature. 

The height h2 of the upper pole layer 35 on the Gd-setting insulating layer 27 
15 is set, for example, at approximately 1.4 //m to L7 jum. In the conventional thin-film 
magnetic head, the height of the upper pole layer thereof was smaller than the height 
h2, and it was not possible to increase the volume of the upper pole layer. In contrast, 
in the present invention, the height h2 of the upper pole layer 35 can be increased and 
the volume of the upper pole layer 35 can be increased. The reason for this is that, as 
2 0 will be disclosed in a fabrication method described below, trimming performed 
perpendicular to the plane of the lower core layer 20 is not required. 

By forming the upper pole layer 35 over the Gd-setting insulating layer 27, the 
length LI of the upper pole layer 35 can be increased, and thus the volume of the 
upper pole layer 35 can be further increased. Therefore, even when the recording 
25 density is increased, the magnetic saturation of the upper pole layer 35 can be reduced, 
and recording characteristics can be improved. 

As shown in FIG. 2, the length L2 from the front surface of the Gd-setting 
insulating layer 27 to the surface facing the recording medium is defined as the gap 
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depth Gd, and since the gap depth Gd greatly influences the electrical characteristics 
of the thin-film magnetic head, the gap depth Gd is set at a predetermined length. In 
the embodiment shown in FIG. 2, the gap depth Gd is defined by the position of the 
Gd-setting insulating layer 27 formed on the lower core layer 20. 
5 As further shown in FIG. 2, a coil layer 29 is spirally patterned over the lower 

core layer 20 at the back of the recording core 24 in the height direction (in the Y 
direction in the drawing) with an insulating underlayer 28 and the plating underlayer 
25 therebetween. The insulating underlayer 28 is preferably composed of at least one 
insulating material selected from the group consisting of AlO, AI2O3, SiC>2, Ta2C>5, 

1 0 TiO, A1N, AlSiN, TiN, SiN, Si 3 N 4 , NiO, WO, WO3, BN, CrN, and SiON. 

The spaces between individual conducting sections of the coil layer 29 are 
filled by an insulating layer 30. The insulating layer 30 is preferably composed of at 
least one insulating material selected from the group consisting of AlO, AI2O3, Si02, 
Ta 2 0 5 , TiO, A1N, AlSiN, TiN, SiN, Si 3 N 4 , NiO, WO, WO3, BN, CrN, and SiON. 

15 As shown in FIG. 1 , the insulating layer 30 is formed on each side in the track 

width direction (in the X direction) of the recording core 24, and the insulating layer 
30 is exposed at the surface facing the recording medium. 

As shown in FIG. 2, an insulating layer 31 composed of an organic insulating 
material, such as a resist or a polyamide, is formed on the insulating layer 30, and a 

2 0 second coil layer 33 is spirally patterned on the insulating layer 3 1 . The second coil 
layer 33 is covered by an insulating layer 32 composed of an organic material, such as 
. a resist or a polyamide, and the upper core layer 26, which is preferably composed of 
an NiFe alloy or the like, is patterned, for example, by frame plating, on the insulating 
layer 32. 

25 A tip 26a of the upper core layer 26 is magnetically coupled to the upper pole 

layer 35, and a base 26b of the upper core layer 26 is magnetically coupled to an 
elevating layer 36 composed of a magnetic material, such as an NiFe alloy, which is 
formed on the lower core layer 20. Additionally, the elevating layer 36 may not be 
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provided, and in such a case, the base 26b of the upper core layer 26 is directly 
connected to the lower core layer 20 through the plating layer 25. 

In the thin-film magnetic head shown in FIG. 2, although two coil layers are 
deposited, the coil may be single- layered. In such a case, for example, the space at 
the back of the recording core 24 in the height direction on the lower core layer 20 is 
filled by the insulating layer 30, and the coil layer is formed on the insulating layer 30. 
Alternatively, the second coil layer 33 shown in FIG. 2 is not formed, and the upper 
core layer 26 is formed over the insulating layer 3 1 . 

As shown in FIGs. 1 and 2, a tip surface 26c of the upper core layer 26 is not 
exposed at the surface facing the recording medium, and is set back from the surface 
facing the recording medium in the height direction (in the Y direction in the drawing). 
In the present invention, by setting the tip surface 26c of the upper core layer 26 back 
from the surface facing the recording medium in the height direction, it is possible to 
appropriately suppress side fringing. 

As shown in FIG. 1 , the width Tl in the track width direction (in the X 
direction) of the tip surface 26c of the upper core layer 26 is greater than the track 
width Tw. Consequently, if the tip surface 26c of the upper core layer 26 is exposed at 
the surface facing the recording medium, side fringing easily occurs due to flux 
leakage, and it is not possible to fabricate a thin-film magnetic head which is suitable 
for an increased recording density. Accordingly, in the present invention, as described 
above, the tip surface 26c of the upper core layer 26 is set back in the height direction 
from the surface facing the recording medium so as to prevent the tip surface 26c 
from being exposed at the surface facing the recording medium. Consequently, it is 
possible to appropriately avoid side fringing between the upper pole layer 35, which is 
exposed at the surface facing the recording medium, and the upper core layer 26, and 
a thin-film magnetic head which is suitable for an increased recording density can be 
fabricated. 

As shown in FIGs. 2 and 3, the shortest setback distance L3 from the surface 



facing the recording medium to the tip surface 26c of the upper core layer 26 is equal 
to or less than the largest length (LI) of the recording core from the surface facing the 
recording medium in the height direction, and the setback distance L3 preferably 
satisfies the relationship about 0 jum < L3 < about 0.8 pm. By setting the setback 
distance L3 at about 0.8 //m or less, flux from the upper core layer 26 can be applied 
to the upper pole layer 35 substantially without loss. 

As shown in FIG. 2, the tip surface 26c of the upper core layer 26 is an 
inclined surface in which the depth in the height direction (in the Y direction) 
gradually increases from the lower core layer side to the upper core layer side (in the 
Z direction). Alternatively, the tip surface 26c may be a curved surface in which the 
depth in the height direction gradually increases from the lower core layer side to the 
upper core layer side. That is, the inclination angle 92 of the tip surface 26c relative 
to the height direction (the Y direction), or when the tip surface 26c is a curved 
surface, the inclination angle 02 of the tangent at the midpoint between the end of the 
curved surface on the lower core layer side and the end of the curved surface on the 
upper core layer side is set at less than 90°. 

The advantage of setting the inclination angle 62 at less than 90° is in that the 
upper core layer 26 is covered by a protective layer 34 composed of an insulating 
material, such as AI2O3, and by setting the inclination angle 02 at less than 90°, it is 
possible to completely fill the space B between the tip 26a of the upper core layer 26 
and the surface facing the recording medium by the protective layer 34. 

As described above, although the inclination angle 02 is preferably less than 
90°, there is a further limitation described as follows. In the present invention, the 
upper core layer 26 is provided with a back surface 26d at the back of the tip surface 
26c, and the back surface 26d is an inclined surface or a curved surface in which the 
depth in the height direction gradually increases from the lower core layer side to the 
upper core layer side. Preferably, the inclination 02 is greater than an inclination 
angle 01, where angle 01 is the inclination angle of the inclined surface relative to the 
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height direction or the inclination angle of the tangent at the midpoint between the end 
of the curved surface on the lower core layer side and the end of the curved surface on 
the upper core layer side relative to the height direction. 

By setting the inclination angle 62 of the tip surface 26c greater than the 
5 inclination angle 91 of the back surface 26d as described above, it is possible to 
prevent the tip 26a of the upper core layer 26 from tapering, and the flux from the 
upper core layer 26 can be efficiently applied to the upper pole layer 35, thus 
improving recording characteristics. 

In the present invention, the inclination angle 62, more preferably, satisfies the 

10 relationship about 60° < 62 < about 90°. If the inclination angle 62 is less than about 
60°, the tapering of the tip 26a of the upper core layer 26 increases and the volume of 
the tip 26a decreases, and thus the transfer efficiency of flux flowing from the upper 
core layer 26 to the upper pole layer 35 is easily decreased. Additionally, when the tip 
surface 26c is a curved surface in which the depth gradually increases from the lower 

1 5 core layer side to the upper core layer side, the curved surface may be either convex 
or concave. 

Next, as shown in FIG. 3, the tip surface 26c of the upper core layer 26 has a 
curvature which gradually recedes in the height direction toward both sides in the 
track width direction. 

2 0 Since the tip surface 26c of the upper core layer 26 is curved relative to the 

track width direction instead of being planar as in the conventional case, angles are 
eliminated between side faces and the tip surface 26c, and thus flux leakage between 
the upper core layer 26 and the upper pole layer 35 can be further decreased, and side 
fringing can be further suppressed. 

2 5 Since the tip surface 26c of the upper core layer 26 has a curvature relative to 

the track width direction, even if the position of the upper core layer 26 to be formed 
on the upper pole layer 35 is slightly deviated in the track width direction (in the X 
direction) on the upper pole layer 35, it is possible to reduce the influence of side 
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fringing in comparison with the case in which the tip surface 26c is planar relative to 
the track width direction. Therefore, it is possible to fabricate a thin-film magnetic 
head in which side fringing can be appropriately suppressed even if the alignment 
accuracy of the upper core layer 26 to the upper pole layer 35 is slightly decreased. 
5 In the present invention, when a tangent touching each end 26e of the 

curvature in the track width direction is considered (shown as a phantom line E), 
preferably, the inclination angle 04 of the phantom line E relative to the track width 
direction (the X direction) is about 30° to about 60°. By setting the inclination angle 
64 at 30° to 60°, the transfer efficiency of flux flowing from the upper core layer 26 to 

1 0 the upper pole layer 35 is not decreased, and even if the tip surface 26c of the upper 
core layer 26 substantially corresponds to the surface facing the recording medium, it 
is possible to reduce the side fringing from the tip surface 26c to substantially zero. 

As further shown in FIG. 3, the upper core layer 26 extends in the height 
direction from the end 26e of the curved tip surface 26c and includes a front region F 

15 in which the width in the track width direction is uniform and a back region G in 

which the width in the track width direction gradually increases from the end on the 
height side of the front region F in the height direction (in the Y direction in the 
drawing). However, the present invention is not limited to this shape. For example, 
the front region F may be formed so that the width increases in the height direction 

2 0 along the phantom line E. 

As described above, in the thin-film magnetic head shown in FIGs. 1 and 2, the 
tip 26a of the upper core layer 26 is set back from the surface facing the recording 
medium in the height direction (in the Y direction), and the tip surface 26c of the 
upper core layer 26 is an inclined surface or a curved surface in which the depth 

2 5 gradually increases from the lower core layer side to the upper core layer side (in the 
Z direction in the drawing), and also the tip surface 26c has a curvature which 
gradually recedes in the height direction toward both sides in the track width direction. 
Also, as shown in FIG. 1, the width of the upper core layer 26 at the edge in which the 
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upper core layer 26 is connected to the upper pole layer 35 is greater than the width in 
the track width direction of the upper pole layer 35. Consequently, it is possible to 
efficiently apply the flux from the upper core layer 26 to the upper pole layer 35, and 
thus recording characteristics can be improved. 
5 In the present invention, in the section in which the upper core layer 26 

overlaps the recording core 24, preferably, the width in the track width direction of the 
upper core layer 26 is approximately 2 to 2.5 times the width in the track width 
direction of the recording core 24. By setting the widths to satisfy the above 
relationship, when the upper core layer 26 is formed on the recording core 24, the 

1 0 upper surface of the recording core 24 securely and easily overlaps the upper core 

layer 26 within the width of the upper core layer 26, and also the flux from the upper 
core layer 26 can be efficiently applied to the upper pole layer 35. 

As shown in FIG. 3, the recording core 24 (formed of three layers consisting of 
the lower pole layer 21, the gap layer 22, and the upper pole layer 35, or formed of 

15 two layers consisting of the gap layer 22 and the upper pole layer 35), includes a front 
region C, which extends from the surface facing the recording medium in the height 
direction (in the Y direction in the drawing) with the track width Tw, and a back 
region D in which the width in the track width direction gradually increases from the 
end on the height side of the front region C in the height direction. Since the 

2 0 recording core 24 is provided with the back region D in which the width is greater 

than the track width Tw, it is possible to increase the contact area with the upper core 
layer 26, and the flux from the upper core layer 26 can be efficiently applied to the 
upper pole layer 35. Consequently, preferably, the upper core layer 26 formed on the 
recording core 24 is connected to at least the back region D of the recording core 24, 

2 5 and thus the contact area between the upper core layer 26 and the recording core 24 
can be increased. 

In the present invention, the length L4 of the front region C, which is formed 
with the track width Tw, satisfies the relationship about 0.2 jum < L4 < about 3.0 jam. 
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If the length L4 is below the above range, since the length of the front region C of the 
recording core 24 becomes too short, it is difficult to define the width of the recording 
core 24, which is exposed at the surface facing the recording medium, at the 
predetermined track width Tw. If the length L4 is greater than about 3.0 //m, the 
5 upper core layer 26 does not easily overlap the back region D of the upper pole layer 
35, and since the overlap between the upper core layer 26 and the front region C of 
the upper pole layer 35 increases, it is not possible to exploit the advantage that the 
contact area between the upper core layer 26 and the upper pole layer 35 is increased. 
FIG. 4 is a partial plan view showing another shape of the thin-film magnetic 

1 0 head in accordance with the present invention. As shown in FIG. 4, the recording 
core 24 is formed with the track width Tw and with a predetermined length L5 from 
the surface facing the recording medium in the height direction (in the Y direction in 
the drawing). That is, in the example shown in FIG. 4, the back region D in which the 
width is greater than the track width Tw, as is the case in the example shown in FIG. 3, 

15 is not formed. 

In the shape of the recording core 24 shown in FIG. 4, although the contact 
area with the upper core layer 26 is decreased in comparison with the recording core 
24 shown in FIG. 3, it is possible to appropriately define the track width Tw, which is 
advantageous. 

2 0 Additionally, the length L5 of the recording core 24 is preferably set so as to 

satisfy the relationship about 0.8 jam < L5 < about 6.0 jum. When the length L5 is 
about 0.8 fjm or more, since the contact area between the upper core layer 26 and the 
upper pole layer 35 is sufficiently large, the transfer efficiency of flux flowing from 
the upper core layer 26 to the upper pole layer 35 is not decreased. If the length L5 is 

2 5 greater than about 6.0 jum, when the recording core 24 is grown by plating, it is not 
possible to uniformly form the individual layers, and the thickness may taper at the 
interior end, or the layers may be curved, resulting in an increase in variations in the 
magnetic gap and the gap depth Gd, which is disadvantageous. 
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In the example shown in FIG. 4, the same as the example shown in FIG. 3, the 
width in the track width direction of the upper core layer 26 at the edge in which the 
upper core layer 26 is connected to the upper pole layer 35 is greater than the width in 
the track width direction of the upper pole layer 35. Consequently, the flux from the 
5 upper core layer 26 can be efficiently applied to the upper pole layer 35. 

In the example shown in FIG. 4, the overlapping ratio between the upper core 
layer 26 and the recording core 24 and the shape of the upper core layer 26 are the 
same as those in the example shown in FIG. 3. 

FIGs. 5 and 6 are partial plan views showing other examples of thin-film 
1 0 magnetic heads in accordance with the present invention. In a thin-film magnetic 
head shown in FIG. 5, in the same manner as that in the thin-film magnetic head 
shown in FIG. 3, an upper core layer 26 is set back from a surface facing a recording 
medium in the height direction (in the Y direction in the drawing), and a tip surface 
26c of the upper core layer 26 is not exposed at the surface facing the recording 
15 medium. A protective layer 34 as shown in FIG. 2 is filled in a space between the 

surface facing the recording medium and the tip surface 26c of the upper core layer 26. 

In the thin-film magnetic head shown in FIG. 5, in similarity with the thin-film 
magnetic head shown in FIG. 2, the tip surface 26c is an inclined surface or a curved 
surface in which the depth in the height direction (in the Y direction) gradually 
2 0 increases from the lower core layer side to the upper core layer side. 

By setting the upper core layer 26 back from the surface facing the recording 
medium in the height direction and by forming the tip surface 26c into an inclined 
surface or a curved surface in which the depth in the height direction gradually 
increases from the lower core layer side to the upper core layer side, it is possible to 
2 5 appropriately suppress side fringing between the upper core layer 26 and an upper 
pole layer 35, and the flux from the upper core layer 26 can be efficiently applied to 
the upper pole layer 35, and also the space between the tip surface 26c of the upper 
core layer 26 and the surface facing the recording medium can be completely filled 
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with the protective layer 34 without a cavity. 

Additionally, in the example shown in FIG. 5, the tip surface 26c does not have 
a curvature which gradually recedes in the height direction toward both sides in the 
track width direction as in the embodiments illustrated in FIGs. 3 or 4, and the tip 
5 surface 26c has a planar shape which extends parallel to the track width direction (the 
X direction). 

As described above, although the tip surface 26c of the upper core layer 26 has 
the planar shape in the track width direction, since the tip surface 26c is set back from 
the surface facing the recording medium in the height direction (in the Y direction in 

1 0 the drawing), the tip surface 26c is not exposed at the surface facing the recording 
medium, thus providing a structure which is effective in suppressing side fringing. 
Additionally, in the example shown in FIG. 5, the shape of a recording core 24 formed 
under the upper core layer 26 has the same shape as that of the recording core 24 
shown in FIG. 3. That is, the recording core 24 includes a front region C which 

1 5 extends from the surface facing the recording medium in the height direction (in the Y 
direction) with the track width Tw, and a back region D in which the width in the 
track width direction gradually increases from the end on the height side of the front 
region C in the height direction. Since the recording core 24 is provided with the 
back region D in which the width gradually increases from the track width Tw, it is 

2 0 possible to increase the contact area between the upper pole layer 35 and the upper 
core layer 26. 

As shown in FIG. 5, since the width in the track width direction of the upper 
core layer 26 at the edge in which the upper core layer 26 is connected to the upper 
pole layer 35 is greater than the width in the track width direction of the upper pole 
2 5 layer 35, the flux from the upper core layer 26 can be efficiently applied to the upper 
pole layer 35, thus improving the recording characteristics. 

In a thin-film magnetic head shown in FIG. 6, in the same manner as that in the 
thin-film magnetic head shown in FIG. 5, an upper core layer 26 is set back from a 
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surface facing a recording medium in the height direction, and also a tip surface 26c 
of the upper core layer 26 is an inclined surface or a curved surface in which the depth 
in the height direction gradually increases from the lower core layer side to the upper 
core layer side. 

5 Consequently, it is possible to reduce side fringing in comparison with the 

conventional thin-film magnetic head, and a space between the surface facing the 
recording medium and the tip surface 26c of the upper core layer 26 can be 
appropriately filled with a protective layer 34, and also the flux from the upper core 
layer 26 can be efficiently applied to the upper pole layer 35. 

^ 10 la this example, the same as the example shown in FIG. 5, although the tip 

surface 26c of the upper core layer 26 has a planar shape parallel to the track width 

J 3 direction, since the tip surface 26c is set back from the surface facing the recording 

■I w 

W medium in the height direction, it is possible to reduce side fringing in comparison 

with the conventional case. 
13 15 In the example shown in FIG. 6, a recording core 24 is formed with a track 

f 3 width and with a predetermined length L5 from the surface facing the recording 

Q medium in the height direction. When the width of the recording core 24 is set to be 

the track width Tw as described above, the track width Tw is easily defined within a 

predetermined size. 

2 0 In this example, as shown in FIG. 6, the width in the track width direction of 

the upper core layer 26 at the edge in which the upper core layer 26 is connected to 
the upper pole layer 35 is greater than the width in the track width direction of the 
upper pole layer 35. Consequently, the flux from the upper core layer 26 can be 
efficiently applied to the upper pole layer 35, thus improving the recording 

2 5 characteristics. 

In FIG. 5 or 6, the upper core layer 26 includes a front region F with a uniform 
width and a back region G in which the width in the track width direction gradually 
increases from the end on the height side of the front region F in the height direction. 
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However, the present invention is not limited to this shape. For example, the front 
region F may be formed so that the width gradually increases in the height direction. 

FIG. 7 is a partial front view of a thin-film magnetic head in another 
embodiment of the present invention, FIG. 8 is a partial cross-sectional view taken 
5 along the line VIII- VIII of FIG. 7, and FIGs. 9 and 10 are partial plan views of 
examples of thin-film magnetic heads. 

In the thin-film magnetic heads shown in FIGs. 7 to 10, although the shapes of 
upper core layers 26 are different from the shapes of the upper core layers 26 in the 
thin-film magnetic heads shown in FIGs. 1 to 6, sections other than those are the same. 
*5 1 0 That is, as shown in FIG. 8, a recording core 24, which extends from a surface facing 

*I a recording medium in the height direction with a predetermined length LI, is formed 

I /J on a lower core layer 20, and the recording core 24 is a three-layered film including a 

f Z lower pole layer 21, a gap layer 22, and an upper pole layer 35, or is a two-layered 

:^ film including a gap layer 22 and an upper pole layer 35. A Gd-setting insulating 

J| 15 layer 27 is formed between the lower core layer 20 and the recording core 24, and the 

W length L2 from the surface facing the recording medium to the front surface of the 

H 1 Gd-setting insulating layer 27 is defined as a gap depth (Gd). 

As shown in FIG. 8, a coil layer 29 is spirally patterned over the lower core 
layer 20 at the back of the recording core 24 in the height direction with the plating 
2 0 layer 25 and an insulating underlayer 28 therebetween. The spaces between 

individual conducting sections of the coil layer 29 are filled with an insulating layer 
30 composed of an inorganic insulating material or the like, and the insulating layer 
30 is exposed at the surface facing the recording medium as shown in FIG. 7. 

An insulating layer 31 composed of an organic insulating material or the like is 
2 5 formed on the coil layer 29, $nd a second coil layer 33 is spirally patterned on the 
insulating layer 3 1 . The second coil layer 33 is covered by an insulating layer 32 
composed of an organic insulating material or the like, and an upper core layer 26 is 
patterned on the insulating layer 32, for example, by frame plating. A tip 26a of the 
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upper core layer 26 overlies the upper pole layer 35, and the upper core layer 26 and 
the upper pole layer 35 are magnetically coupled to each other. A base 26b of the 
upper core layer 26 is magnetically coupled to an elevating layer 36 composed of a 
magnetic material formed on the lower core layer 20. 

In this embodiment, the upper core layer 26 is not set back from the surface 
facing the recording medium in the height direction in contrast to the embodiments 
shown in FIGs. 1 to 6. A tip surface 26c of the upper core layer 26 extends to the 
surface facing the recording medium, and a portion thereof is positioned at the surface 
facing the recording medium. 

As shown in FIG. 8, the tip surface 26c is an inclined surface or a curved 
surface in which the depth in the height direction (in the Y direction in the drawing) 
gradually increases from the lower core layer side to the upper core layer side (in the 
Z direction in the drawing). 

As shown in FIG. 8, a back surface 26d located at the back of the tip surface 
26c is an inclined surface or a curved surface in which the depth in the height 
direction gradually increases from the lower core layer side to the upper core layer 
side. Preferably, an inclination angle 62 is greater than an inclination angle 01, where 
angle 91 is the inclination of the back surface 26d relative to the height direction (or 
the inclination of the tangent at the midpoint between the end of the curved surface on 
the lower core layer side and the end of the curved surface on the upper core layer 
side relative to the height direction), and angle 92 is the inclination of the tip surface 
26c relative to the height direction. 

By setting the inclination angle 92 of the tip surface 26c greater than the 
inclination angle 91 of the back surface 26d as described above, it is possible to 
prevent the tip 26a of the upper core layer 26 from tapering, the volume of the tip 26a 
can be effectively increased, and the flux from the upper core layer 26 can be 
efficiently applied to the upper pole layer 35, thus improving the recording 
characteristics. 



In the present invention, more preferably, the inclination angle 62 of the tip 
surface 26c satisfies the relationship about 60° < 92 < about 90°. If the inclination 
angle. 02 is less than about 60°, the tip 26a of the upper core layer 26 is easily tapered 
and the volume of the tip 26a decreases, and thus the transfer efficiency of flux 
flowing from the upper core layer 26 to the upper pole layer 35 is easily decreased. 

Since the tip surface 26c is an inclined surface or a curved surface in which the 
depth in the height direction (in the Y direction) gradually increases from the lower 
core layer side to the upper core layer side, in combination with the curvature in the 
track width direction (in the X direction) of the tip surface 26c, which will be 
described below, it is possible to appropriately suppress side fringing. 

As shown in FIG. 9, the tip surface 26c of the upper core layer 26 has a 
curvature which gradually recedes in the height direction toward both sides in the 
track width direction. 

Since the tip surface 26c of the upper core layer 26 has the curvature which 
gradually recedes in the height direction toward both sides in the track width direction, 
only a portion 26h of the tip surface 26c of the upper core layer 26 is exposed at the 
surface facing the recording medium as shown in FIG. 7. That is, by forming the tip 
surface 26c of the upper core layer 26 so as to have a curvature which gradually 
recedes in the height direction toward both sides in the track width direction and so as 
to be an inclined surface or a curved surface in which the depth in the height direction 
gradually increases from the lower core layer side to the upper core layer side, only a 
slight portion of the tip surface 26c of the upper core layer 26 is exposed at the 
surface facing the recording medium. Consequently, it is possible to reduce flux 
leakage, and side fringing can be further reduced. Additionally, the portion 26h of the 
tip surface 26c, which is exposed at the surface facing the recording medium 
preferably has a width that is less than the track width Tw. Thereby, side fringing can 
be more appropriately suppressed. 

Since the tip surface 26c of the upper core layer 26 has a curvature in the track 



width direction (in the X direction), even if the position of the upper core layer 26 to 
be formed on the upper pole layer 35 is slightly deviated in the track width direction 
(in the X direction) on the upper pole layer 35, it is possible to reduce the influence of 
side fringing in comparison with the case in which the tip surface 26c has a planar 
5 shape relative to the track width direction. Therefore, it is possible to fabricate a thin- 
filrat magnetic head in which side fringing can be appropriately suppressed even if the 
alignment accuracy of the upper core layer 26 to the upper pole layer 35 is slightly 
decreased. 

In the present invention, when a tangent touching an end 26e of the curvature 

10 in the track width direction is considered (shown as a phantom line E), preferably, the 
incl ination angle 94 of the phantom line E relative to the track width direction (the X 
direction) is about 30° to about 60°. By setting the inclination angle 84 at about 30° 
to about 60°, the transfer efficiency of flux flowing from the upper core layer 26 to 
the upper pole layer 35 is maintained, and even if the tip surface 26c of the upper core 

1 5 layer 26 is formed at substantially the same position as that of the surface facing the 
recording medium, it is possible to appropriately suppress the side fringing. 

In the embodiment shown in FIG. 10, the same as the embodiment shown in 
FIG. 9, the tip surface 26c of the upper core layer 26 is an inclined surface or a curved 
surface in which the depth in the height direction gradually increases from the lower 

2 0 core layer side to the upper core layer side, and also the tip surface 26c has a 

curvature which gradually recedes in the height direction toward both sides in the 
track width direction. 

The shape of the recording core 24 formed under the upper core layer 26 
shown in FIG. 9 is different from the shape of the recording core 24 shown in FIG. 10. 

25 In the embodiment shown in FIG. 9, the recording core 24 includes a front region C, 
which extends from the surface facing the recording medium in the height direction 
with the track width Tw, and a back region D, in which the width in the track width 
direction gradually increases from the end on the height side of the front region C in 
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the height direction. In the embodiment shown in FIG. 10, the recording core 24 
extends from the surface facing the recording medium in the height direction with a 
predetermined length L5 with the track width Tw, and a back region D is not provided. 

With respect to the shape of the recording core 24 shown in FIG. 9, although 
there is a possibility that the track width Tw becomes greater than the predetermined 
size if the length L4 of the front region C, which is formed with the track width Tw, is 
too short, it is possible to increase the contact area between the recording core 24 and 
the upper core layer 26 due to the presence of the back region D. With respect to the 
shape of the recording core 24 shown in FIG. 10, although the contact area with the 
upper core layer 26 is decreased in comparison with the example shown in FIG. 9, the 
track width Tw is easily defined within the predetermined size. 

The length L4 of the front region C in the recording core 24 shown in FIG. 9 
preferably satisfies the relationship about 0.2 jum < L4 < about 3.0 jum. The length L5 
of the recording core 24 shown in FIG. 10 preferably satisfies the relationship about 
0.8 jum < L5 < about 6.0 jum. The reason for this is as described above. 

As shown in FIG. 9 or 10, the width in the track width direction of the upper 
core layer 26 at the edge in which the upper core layer 26 is connected to the upper 
pole layer 35 is greater than the width in the track width direction of the upper pole 
layer 35. Consequently, the flux from the upper core layer 26 can be efficiently 
applied to the upper pole layer 35. Additionally, in the section in which the upper 
core layer 26 overlaps the recording core 24, preferably, the width in the track width 
direction of the upper core layer 26 is approximately 2 to 2.5 times the width in the 
track width direction of the recording core 24. The reason for this is as described 
above. 

As shown in FIG. 9 or 1 0, the upper core layer 26 includes a front region F 
which extends from the surface facing the recording medium in the height direction 
(in the Y direction) with a predetermined width, and a back region G in which the 
width in the track width direction gradually increases from the end on the height side 



of the front region F in the height direction. However, the present invention is not 
limited to this shape. For example, the front region F may be formed so that the width 
gradually increases along the phantom line E. 

FIG. 1 1 is a partial front view of a thin- film magnetic head in accordance with 
another embodiment of the present invention. FIG. 12 is a partial cross-sectional 
view taken along the line XII-XII of FIG. 11, and FIGs. 13 and 14 are partial plan 
views of examples of thin-film magnetic heads. In the thin-film magnetic heads 
shown in FIGs. 11 to 14, although the shapes of upper core layers 26 are different 
from the shapes of the upper core layers 26 in the thin-film magnetic heads shown in 
FIGs. 1 to 6, sections other than those are the same. 

As shown in FIG. 12, a recording core 24, which extends from a surface facing 
a recording medium in the height direction with a predetermined length LI, is formed 
on a lower core layer 20, and the recording core 24 is a three-layered film including a 
lov/er pole layer 21, a gap layer 22, and an upper pole layer 35 deposited in that order 
from the bottom, or is a two-layered film including the gap layer 22 and the upper 
pole layer 35. A Gd-setting insulating layer 27 is formed between the lower core 
layer 20 and the recording core 24, and the length L2 from the surface facing the 
recording medium to the front surface of the Gd-setting insulating layer 27 is defined 
as a gap depth (Gd). 

As further shown in FIG. 12, a coil layer 29 is spirally patterned over the lower 
core layer 20 at the back of the recording core 24 in the height direction with the 
plating layer 25 and an insulating underlayer 28 therebetween. The spaces between 
individual conducting sections of the coil layer 29 are filled with an insulating layer 
30 composed of an inorganic insulating material or the like, and the insulating layer 
30 is exposed at the surface facing the recording medium as shown in FIG. 1 1 . 
Additionally, as shown in FIG. 11, inclined planes 20b may be formed in the upper 
surface of the lower core layer 20. Thereby, side fringing can be suppressed more 
appropriately. 
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An insulating layer 3 1 composed of an organic insulating material or the like is 
formed on the coil layer 29, and a second coil layer 33 is spirally patterned on the 
insulating layer 3 L The second coil layer 33 is covered by an insulating layer 32 
composed of an organic insulating material or the like, and an upper core layer 26 is 
5 patterned on the insulating layer 32, for example, by frame plating. A tip 26a of the 
upper core layer 26 overlies the upper pole layer 35, and the upper core layer 26 and 
the upper pole layer 35 are magnetically coupled to each other A base 26b of the 
upper core layer 26 is magnetically coupled to an elevating layer 36 composed of a 
magnetic material formed on the lower core layer 20. 
*2 10 In this embodiment, the upper core layer 26 is not set back from the surface 

J* facing the recording medium in the height direction in contrast to the embodiments 

jj M shown in FIGs. 1 to 6. A tip surface 26c of the upper core layer 26 extends to the 

?f surface facing the recording medium, and a portion thereof is positioned at the surface 

& is? 

* facing the recording medium. 

ly 15 As shown in FIG. 1 3, the tip surface 26c has a curvature which gradually 

£0 recedes in the height direction toward both sides in the track width direction. In this 

I eW embodiment, the tip surface 26c is not an inclined surface or a curved surface in 

which the depth in the height direction gradually increases from the lower core layer 
side to the upper core layer side in contrast to the embodiments shown in FIGs. 1 to 6 
2 0 and the embodiments shown in FIGs. 7 to 10, and the tip surface 26c is formed 

parallel to the surface facing the recording medium. Consequently, as shown in FIG. 
11, a portion 26i, which has a uniform width from the side of the lower core layer to 
the side of the upper core layer, of the tip surface 26c of the upper core layer 26 is 
exposed at the surface facing the recording medium. 
2 5 As described above, since the tip surface 26c of the upper core layer 26 has a 

curvature that gradually recedes in the height direction toward both sides in the track 
width direction, although the tip surface 26c is positioned at the surface facing the 
recording medium, the portion 26i is the only portion exposed at the surface facing 
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the recording medium. In this structure, the tip surface 26c of the upper core layer 26 
is slightly exposed at the surface facing the recording medium. Consequently it is 
possible to reduce flux leakage between the upper core layer 26 and the upper pole 
layer 35, and side fringing can be further reduced. Additionally, the portion 26i of the 
tip surface 26c which is exposed at the surface facing the recording medium 
preferably has a width that is less than the track width Tw. Thereby, side fringing can 
be more appropriately suppressed. 

Since the tip surface 26c of the upper core layer 26 has a curvature in the track 
width direction, even if the position of the upper core layer 26 to be formed on the 
upper pole layer 35 is slightly deviated in the track width direction (in the X direction) 
on the upper pole layer 35, it is possible to reduce the influence of side fringing in 
comparison with the case in which the tip surface 26c has a planar shape relative to 
the track width direction. Therefore, it is possible to fabricate a thin-film magnetic 
head in which side fringing can be appropriately suppressed even if the alignment 
accuracy of the upper core layer 26 to the upper pole layer 35 is slightly decreased. 

In the present invention, when a tangent touching an end 26e of the curved tip 
surface 26c is considered (shown as a phantom line E), preferably, the inclination 
angle 04 of the phantom line E relative to the track width direction (the X direction) is 
about 30° to about 60°. By setting the inclination about 64 at about 30° to about 60°, 
the transfer efficiency of flux flowing from the upper core layer 26 to the upper pole 
layer 35 is maintained, and even if the tip surface 26c of the upper core layer 26 is 
formed at substantially the same position as that of the surface facing the recording 
medium, it is possible to appropriately suppress the side fringing. 

In the embodiment shown in FIG. 14, in similarity with the embodiment 
shown in FIG. 1 3, the tip surface 26c has a curvature which gradually recedes in the 
height direction toward both sides in the track width direction. The tip surface 26c is 
not an inclined surface or a curved surface in which the depth in the height direction 
gradually increases from the lower core layer side to the upper core layer side in 
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contrast to the embodiments shown in FIGs. 1 to 6 and the embodiments shown in 
FIGs. 7 to 10. 

The shape of the recording core 24 formed under the upper core layer 26 
shown in FIG. 13 is different from the shape of the recording core 24 shown in FIG. 
5 14. In the embodiment shown in FIG. 13, the recording core 24 includes a front 
region C, which extends from the surface facing the recording medium in the height 
direction with the track width Tw, and a back region D, in which the width in the track 
width direction gradually increases from the end edge on the height side of the front 
region C in the height direction. In the embodiment shown in FIG. 14, the recording 
1 0 core 24 extends from the surface facing the recording medium in the height direction 
with a predetermined length L5 with the track width Tw, and a back region D is not 
provided. 

With respect to the shape of the recording core 24 shown in FIG. 13, although 
there is a possibility that the track width Tw becomes greater than the predetermined 

1 5 size if the length L4 of the front region C, which is formed with the track width Tw, is 
too short, it is possible to increase the contact area between the recording core 24 and 
the upper core layer 26 due to the presence of the back region D. With respect to the 
shape of the recording core 24 shown in FIG. 14, although the contact area with the 
upper core layer 26 is decreased in comparison with the example shown in FIG. 13, 

2 0 the track width Tw is easily defined within the predetermined size. 

The length L4 of the front region C in the recording core 24 shown in FIG. 13 
preferably satisfies the relationship about 0.2 jum < L4 < about 3.0 //m. The length L5 
of the recording core 24 shown in FIG. 14 preferably satisfies the relationship about 
0.8 //m < L5 < about 6.0 //m. The reason for this is as described above. 

2 5 As shown in FIGs. 13 and 14, the width in the track width direction of the 

upper core layer 26 at the edge in which the upper core layer 26 is connected to the 
upper pole layer 35 is greater than the width in the track width direction of the upper 
pole layer 35. Consequently the flux from the upper core layer 26 can be efficiently 
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applied to the upper pole layer 35. In the section in which the upper core layer 26 
overlaps the recording core 24, preferably, the width in the track width direction of the 
upper core layer 26 is approximately 2 to 2.5 times the width in the track width 
direction of the recording core 24. The reason for this is as described above. 
5 As shown in FIG. 13 or 14, the upper core layer 26 includes a front region F 

that extends from the surface facing the recording medium in the height direction with 
a predetermined width, and a back region G, in which the width in the track width 
direction gradually increases from the end edge on the height side of the front region 
F in the height direction. However, the present invention is not limited to this shape. 

1 0 For example, the front region F may be formed so that the width gradually increases 
along the phantom line E. 

As described above, in accordance with the thin-film magnetic heads of the 
present invention, it is possible to suppress the side fringing in comparison with the 
conventional case, the flux from the upper core layer 26 can be efficiently applied to 

15 the upper pole layer 35, and thus it is possible to fabricate a thin-film magnetic head 
which is suitable for an increased recording density. 

Next, a method for fabricating a thin-film magnetic head in the present 
invention will be described with reference to the drawings. FIGs. 15A and 15B to 
FIG. 21 shows the steps for fabricating thin-film magnetic heads shown in FIGs. 1 to 

2 0 4. FIGs. 15A, 16A, 17A, and 18A are partial front views and FIGs. 15B, 16B, 17B, 
and 18B are corresponding partial cross-sectional views. 

Referring to FIGs. 15 A and 15B, first, a Gd-setting insulating layer 27 is 
formed on a lower core layer 20 as shown in FIG. 15B, and then a resist layer 40 with 
a height h3 is formed on the lower core layer 20. The height h3 is set, for example, at 

2 5 approximately 4.0 /zm. 

Next, a groove 40a is formed in the resist layer 40 by exposure and 
development with a predetermined length L6 from a surface facing a recording 
medium in the height direction. The width t2 of the groove 40a is set, for example, at 
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approximately 0.45 jam. Additionally, since the width t2 is defined as the track width 
Tw, the width t2 is preferably set to be as small as possible, for example, at the 
threshold value of the i-line which is used for exposure. 

As shown in FIG. 15 A, a lower pole layer 21, a gap layer 22, and an upper 
5 pole layer 35 are deposited in that order from the bottom in the groove 40a by 
continuous plating. In order to perform such continuous plating, the gap layer 22 
must be formed using a nonmagnetic metallic material for plating. Specifically, the 
nonmagnetic metallic material is preferably at least one material selected from the 
group consisting of NiP, NiPd, NiW, NiMo, Au, Pt, Rh, Pd, Ru, and Cr. 
1 0 The three-layered film formed in the groove 40a constitutes a recording core 

24. Additionally, the recording core 24 is not limited to the three-layered film. For 
example, the recording core 24 may consist of the gap layer 22 and the upper pole 
layer 35. 

The resist layer 40 is then removed. FIGs. 16A and 16B show a stage in which 
15 the resist layer 40 has been removed. The width of the recording core 24 formed on 
the lower core layer 20 is defined as the track width Tw, and the track width Tw is 
preferably about 0.7 jam or less, and more preferably about 0.5 /mi or less. 

The height h4 of the recording core 24 preferably satisfies the relationship 
about 1 jam < h4 < about 4 //m. For example, the lower pole layer 21 has a height of 
2 0 approximately about 0.3 //m, the gap layer 22 has a height of approximately about 0.2 
jam, and the upper pole layer 35 has a height of approximately about 3.0 to about 3.3 
jam. 

Next, as shown in FIGs. 17A and 17B, an insulating layer 30 is formed on the 
lower core layer 20 so as to cover the recording core 24. The insulating layer 30 is 
2 5 preferably composed of an inorganic insulating material. Specifically, the inorganic 
insulating material is preferably at least one insulating material selected from the 
group consisting of AlO, A1 2 0 3 , Si0 2 , Ta 2 0 5? TiO, A1N, AlSiN, TiN, SiN, Si3N4, 
NiO, WO, WO3, BN, ON, and SiON. By forming the insulating layer 30 with the 
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inorganic insulating material, the surface of the insulating layer 30 is easily polished 

using a CMP technique, which is subsequently performed. 

As shown in FIGs. 17 A and 17B, the insulating layer 30 is polished using the 

CMP technique at the line H-H. Thereby, the surface of the insulating layer 30 is 
5 plartarized, and the surface of the upper pole layer 35 is exposed from the insulating 

layer 30. FIGs. 18A and 18B insulating layer 30 and recording core 24 after polishing. 
Since the surface of the recording core 24 is polished by the CMP technique in 

the step shown in FIGs. 17A and 17B, the recording core 24 has a height h5 as shown 

in FIG. 18 A, and the height h5 is set, for example, at approximately 2.4 to 2.7 //m. As 
1 0 shown in FIG. 1 8B, the upper pole layer 35 on the Gd-setting insulating layer 27 has a 

height h6, and the height h6 is set at approximately 1.4 to 1.7 jum. 

In accordance with the fabrication method of the present invention, the height 

h5 of the recording core 24 and the height h6 of the upper pole layer 35 on the Gd- 

setling insulating layer 27 are easily set within the predetermined sizes, and thus it is 
15 possible to fabricate a thin-film magnetic head with a high degree of consistency. 

Thiis is because of the fact that a step of trimming substantially perpendicular to the 

plane of the lower core layer 20 is not carried out. In contrast, in the conventional 

method generally illustrated in FIG. 27, the trimming step was necessary in order to 

suppress side fringing. Further, due to the trimming step, a significant decrease in the 
2 0 hei ght of the upper pole layer 35 and variations in the track width Tw occurred. Thus, 

in the process of the prior art, the degree of consistency during fabrication was 

significantly decreased. 

In the present invention, by forming the gap layer 22 constituting the recording 

core 24 with a nonmagnetic metallic material for plating, it is possible to continuously 
25 form the lower pole layer 21, the gap layer 22, and the upper pole layer 35 in that 

order from the bottom by plating in the groove 40a of the resist layer 40 shown in FIG. 

15 A. Accordingly, in the present invention, the lower pole layer 21 , which protrudes 

from the lower core layer 20 with the track width Tw, and the gap layer 22 to be 
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formed thereon with the track width Tw can be formed without performing trimming 
perpendicular to the plane of the lower core layer 20, and therefore it is possible to 
fabricate the thin-film magnetic head in which side fringing does not easily occur 
between the upper pole layer 35 and the lower core layer 20 without carrying out the 
5 trimming step. 

However, in the present invention, in the step shown in FIGs. 16A and 16B, 
trimming may be performed. In such a case, ion irradiation is performed in inclined 
directions relative to the plane of the lower core layer 20, and the angle of ion 
irradiation is set, preferably, at about 45° to about 75° relative to the perpendicular 
10 direction to the plane, and more preferably, at about 60° to about 75°. 
J ? In the trimming step carried out with the ion irradiation angle as described 

as i ? 

I *\ above, magnetic dust generated by ion milling does not adhere to the sides of the 

T Z recording core 24. In the present invention, since a step for ion-milling in which ions 

are irradiated substantially perpendicular to the plane of the lower core layer 20 is not 
1 5 carried out, even if trimming is performed in inclined directions relative to the plane 
■5 of the lower core layer 20, variations in the shape of the recording core 24 do not 

«*' easily occur, and the height of the recording core 24 is not significantly reduced. 

In the present invention, the track width Tw of the recording core 24 can be 
ftirther decreased by the trimming step described above, and it is possible to fabricate 
2 0 a thin-film magnetic head which is suitable for a decreased track width. Moreover, it 
is possible to form inclined planes 20b (refer to FIG. 1) in the upper surface of the 
lower core layer 20 on both sides of the recording core 24, and thus it is possible to 
fabricate a thin-film magnetic head in which side fringing can be further suppressed. 
Next, a coil layer and an insulating layer 32 for covering the coil layer are 
2 5 formed on the insulating layer 30. A resist layer 41 , which is shown in FIG. 19, is 
formed over the upper pole layer 35, the insulating layer 30, and the insulating layer 
32. Additionally, FIG. 19 is a partial plan view of the thin-film magnetic head. As 
shown in FIG. 1 9, a pattern 41a for forming an upper core layer 26 is formed in the 
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resist layer 41. A tip surface 41b of the pattern 41a is set back from the face surface 
in the height direction (in the Y direction in the drawing), and the tip surface 41b also 
has a curvature which gradually recedes in the height direction toward both sides 41c 
in the track width direction. 
5 In order to form the pattern 41a, in the present invention, during exposure, a 

portion 41 d of the resist layer 41 other than the pattern 41a is irradiated with light, and 
the exposed resist layer 4 Id is developed, and the resist layer 41 corresponding to the 
pattern 41a is removed, leaving the resist layer 4 Id (image reverse process). The 
exposure and development described above are the reverse of the conventional 
" rr| 1 0 method. Conventionally, a portion corresponding to the pattern 41a was irradiated 

K with light. In the present invention, the resist layer 41 d other than the pattern 41 a is 

III irradiated with light and developed, and the pattern 41a, which is not irradiated with 

iM> light, is removed, due to the shape of the resist layer 41d. 

* FIG. 20 is a partial cross-sectional view of the thin-film magnetic head in the 

I a 1 5 present invention that shows only the shape of tip area of the thin-film magnetic head. 
|n As shown in FIG. 20, the resist layer 41 d remains on the insulating layer 30 and the 

I I upper pole layer 35. In a resist layer 4 1 d 1 , which is a portion of the resist layer 4 1 d 
and which is left with a predetermined length from the surface facing the recording 
medium in the height direction, a back surface 41d2 thereof is an inclined surface or a 

2 0 curved surface which inclines or curves in the height direction (in the Y direction) 
from the lower core layer side to the upper core layer side (in the Z direction). 

The resist layer 41 dl remains in the shape as described above because light is 
applied to the resist layer 41 d which is left by the exposure and development. In 
contrast, if the pattern 41a, which is to be removed, is irradiated with light and the 

25 resist layer 41 d is not irradiated with light, as shown in FIG. 22, the resist layer 41dl 
remains with the back surface 41d2 being an inclined surface or a curved surface 
which inclines or curves in the opposite direction to the height direction (the Y 
direction) from the lower core layer side to the upper core, layer side. 



As shown in FIG. 20, when the back surface 41d2 of the resist layer 41dl is an 
inclined surface or a curved surface, which inclines or curves in the height direction 
from the lower core layer side to the upper core layer, side, it is possible to form a tip 
surface 26c of the upper core layer 26 into an inclined surface or a curved surface in 
5 which the depth in the height direction increases from the lower core layer side to the 
upper core layer side by plating a magnetic material for constituting the upper core 
layer 26 in the pattern 41a.. 

As shown in FIG. 22, if the back surface 41d2 of the remaining resist layer 
41dl is an inclined surface or a curved surface which inclines or curves in the 

1 0 opposite direction to the height direction (the Y direction) from the lower core layer 
side to the upper core layer side, when a magnetic material for constituting the upper 
core layer 26 is plated in the pattern 41a, as shown in FIG. 23, the tip surface 26c of 
the upper core layer 26 is formed into an inclined surface or a curved surface which 
inclines or curves in the direction opposite to the height direction from the lower core 

1 5 layer side to the upper core layer side. 

In the thin-film magnetic head shown in FIG. 23, when a protective layer 34 
composed of AI2O3 or the like is formed in a space B between the surface facing the 
recording medium and the tip surface 26c of the upper core layer 26, it is difficult to 
completely fill the space B with the protective layer 34, and a cavity is easily formed 

2 0 in the space B. 

Therefore, in the present invention, in the step shown in FIG. 19, the resist 
layer 4 Id other than the pattern 41a for the upper core layer 26 is irradiated with light, 
followed by development. Thereby, the tip surface of the pattern 41 a to be removed is 
formed into an inclined surface or a curved surface, which inclines or curves in the 

2 5 height direction from the lower core layer side to the upper core layer side, so that the 
tip surface 26c of the upper core layer 26 is an inclined surface or a curved surface in 
which the depth in the height direction increases from the lower core layer side to the 
upper core layer side. 
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The method which has been described with reference to FIGs. 15A and 15B to 
FIG. 21 relates to a thin-film magnetic head in which the upper core layer 26 is set 
back from the surface facing the recording medium in the height direction, and the tip 
surface 26c of the upper core layer 26 is an inclined surface or a curved surface in 
5 which the depth in the height direction increases from the lower core layer side to the 
upper core layer side. Also, the tip surface 26c has a curvature that gradually recedes 
in the height direction toward both sides in the track width direction. A method for 
fabricating a thin-film magnetic head in another embodiment will be described below. 
In the embodiments shown in FIG. 5 or 6, the upper core layer 26 is set back 

1 0 from the surface facing the recording medium in the height direction (in the Y 

direction), and the tip surface 26c of the upper core layer 26 is an inclined surface or a 
curved surface in which the depth in the height direction increases from the lower 
core layer side to the upper core layer side. However, the tip surface 26c does not 
have a curvature in the track width direction (in the X direction) and the tip surface 

15 26c has a planar shape in the track width direction. 

In the structure described above, in the step shown in FIG. 19, in order to form 
the same pattern as that of the upper core layer 26 shown in FIG. 5 or 6 in the resist 
layer 41, light is applied to the region other than the pattern, followed by development. 
Thereby, the tip surface of the pattern to be removed is formed into an inclined 

2 0 surface or a curved surface that recedes in the height direction from the lower core 

layer side to the upper core layer side, and the tip surface is set back from the surface 
facing the recording medium in the height direction. By plating a magnetic material 
constituting the upper core layer 26 in the pattern, the upper core layer 26 having the 
shape shown in FIG. 5 or 6 is formed. 

25 In the embodiments shown in FIGs. 7 to 10, the tip surface 26c of the upper 

core layer 26 is positioned at the surface facing the recording medium, and the tip 
surface 26c is an inclined surface or a curved surface in which the depth in the height 
direction gradually increases from the lower core layer side to the upper core layer 
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side, and also the tip surface 26c has a curvature which gradually recedes in the height 
direction toward both sides in the track width direction. 

In such a structure, in the step shown in FIG. 19, in order to form the same 
pattern as that of the upper core layer 26 shown in FIG. 9 or 10 in the resist layer 41 , 
light is applied to the region other than the pattern, followed by development. 
Thereby, the tip surface of the pattern to be removed is formed into an inclined 
surface or a curved surface that recedes in the height direction from the side of the 
lower core layer to the side of the upper core layer, and the tip surface is set at the 
same position as that of the surface facing the recording medium. By plating a 
magnetic material for constituting the upper core layer 26 in the pattern, the upper 
core layer 26 having the shape shown in FIG. 9 or 10 is formed. 

In the embodiment shown in FIGs. 11 to 14, the tip surface 26c of the upper 
core layer 26 is positioned at the surface facing the recording medium, and the tip 
surface 26c has a curvature which gradually recedes in the height direction toward 
both sides in the track width direction. However, the tip surface 26c is not an inclined 
surface or a curved surface in which the depth in the height direction increases from 
the lower core layer side to the upper core layer side, and the tip surface 26c is 
parallel to the surface facing the recording medium. In such a structure, in the step 
shown in FIG. 19, the same pattern as that of the upper core layer 26 shown in FIG. 
13 or 14 is formed in the resist layer 41 by exposure and development. 

When the exposure and development are performed, the portion corresponding 
to the pattern may be irradiated with light or the portion other than the pattern may be 
irradiated with light. In such a structure, since the tip surface 26c is not an inclined 
surface or a curved surface in which the depth in the height direction increases from 
the lower core layer side to the upper core layer side, when the exposure and 
development are performed, light may be applied either tp the pattern corresponding 
to the upper core layer 26 or the portion other than the pattern. 

After the pattern for the upper core layer 26 is formed by the exposure and 



development, by plating a magnetic material for constituting the upper core layer 26 
in the pattern, the upper core layer 26 having the shape shown in FIG. 13 or 14 is 
formed. 

As described above, in accordance with the fabrication method of the present 
5 invention, the recording core 24, which is a three-layered film consisting of the lower 
pole layer 21 , the gap layer 22, and the upper pole layer 35 or a two-layered film 
consisting of the gap layer 22 and the upper pole layer 35, for defining the track width 
Tw can be formed by continuous plating. Consequently, a trimming step in which 
ions are irradiated substantially perpendicular to the plane of the lower core layer 20, 
Q 1 0 as is the case in the conventional method, is not required, and thus it is possible to 

|5 fabricate a thin-film magnetic head with a high degree of consistency. 

C3 

f jj In accordance with the method for fabricating the thin-film magnetic head of 

il the present invention, the resist layer for forming the upper core layer 26 can be 

7 formed so that the tip surface of the pattern is an inclined surface or a curved surface 

M 1 5 thai, recedes in the height direction from the lower core layer side to the upper core 

% w 

Ji layer side by applying light to the portion of the resist layer other than the portion 

corresponding to the pattern. Consequently, it is possible to form the tip surface 26c 
of the upper core layer 26 so that the depth in the height direction increases from the 
lower core layer side to the upper core layer side. 

2 0 Although the recording core 24 is formed first on the lower core layer 20 and 

the insulating layer 30 is then formed so as to cover the recording core 24 as shown in 
FIGs. 15A and 15B to FIGs. 18A and 18B, the present invention is not limited thereto. 
For example, the insulating layer 30 may be formed first on the lower core layer 20 
and a groove is formed in the insulating layer 30, and then the recording core 24 is 

2 5 formed in the groove. 

As described in detail, in accordance with the present invention, by setting 
back the tip surface of the upper core layer from the surface facing the recording 
medium in the height direction, and also by setting the tip surface to be an inclined 
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surface or a curved surface in which the depth in the height direction increases from 
the lower core layer side to the upper core layer side, it is possible to suppress side 
fringing. It is also possible to efficiently apply the flux from the upper core layer to 
the upper pole layer. Thus, it is possible to fabricate a thin-film magnetic head that is 
5 suitable for an increased recording density. Most preferably, the tip surface of the 
upper core layer has a curvature which gradually recedes in the height direction 
toward both sides in the track width direction, and thus it is possible to suppress side 
fringing. 

In accordance with the fabrication method of the present invention, it is 
1 0 possible to fabricate a thin-film magnetic head for suppressing side fringing without a 
trimming step in which ion irradiation is performed substantially perpendicular to the 
lower core layer. Thus, thin-film magnetic heads can be fabricated with a high degree 
of consistency. Further, when the resist layer for forming the upper core layer is 
exposed and developed, by applying light to the portion of the resist layer other than 
15 the portion corresponding to the pattern for the upper core layer, it is possible to easily 
form an inclined surface or a curved surface in which the depth in the height direction 
increases from the lower core layer side to the upper core layer side. 
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